Cellulitis is a common and costly problem, often diagnosed in the outpatient setting. Many cutaneous conditions may clinically mimic cellulitis, but little research has been done to assess the magnitude of the problem.
C ellulitis, an acute infection of the dermis and subcutaneous tissue, is a common problem encountered in both the outpatient and inpatient setting, with an estimated prevalence of 14.5 million cases per year. 1 The frequency of cellulitis diagnosis has risen substantially in the ambulatory population over recent decades, 2 accounting for nearly $3.7 billion health care dollars overall. 1 This superficial infection most commonly affects the lower extremities and is often mediated by streptococcal species, 3 although staphylococcal cellulitis, including both methicillin-sensitive Staphylococcus aureus (MSSA) and methicillin resistant Staphylococcus aureus (MRSA), is being reported with increasing frequency. 2, 4 Despite the frequency of cellulitis diagnosis, there are no gold-standard diagnostic studies or reliable evidencebased diagnostic criteria. Associated physical examination findings include erythema, edema, warmth, and pain; however, all of the aforementioned signs and symptoms are nonspecific and could be present in a number of inflammatory cutaneous conditions. Because of these nonspecific findings, a multitude of alternative dermatologic conditions may clinically mimic cellulitis. These cellulitis mimickers, also known as pseudocellulitides, are often difficult to recognize, particularly for physicians without dermatological training. As such, the misdiagnosis rate of cellulitis has been estimated to occur in up to 33% of cases in the outpatient setting. [5] [6] [7] [8] Given the fact that nearly all patients diagnosed as having cellulitis are prescribed a course of antibiotics, the misdiagnosis of cellulitis is particularly significant in the current health care environment that is challenged by increasing antibiotic resistance and rising health care costs. A limited amount of research has been conducted to assess the magnitude of cellulitis misdiagnosis or address strategies to help correct this considerable problem. Because dermatologists are experts in infectious and inflammatory skin diseases, we hypothesized that outpatient primary care utilization of a dermatology consultation may help identify and treat pseudocellulitides and minimize unnecessary antibiotic use and hospital admissions.
Methods
This nonblinded randomized clinical trial was approved by the Partners Institutional Review Board (Partners Human Research Committee). Written informed consent was obtained from all participants. This study was performed in outpatient internal medicine offices affiliated with an academic medical center. The patient population of interest included all adult patients diagnosed as having cellulitis by their outpatient primary care physician (PCP). Patients with postoperative site infections, abscesses, human or animal bites, osteomyelitis, hardware and/or line infections, a history of transplant within 6 months and/or history of acute rejection within 90 days, known use of antithymocyte globulin or campath in the last 6 months, more than 20 mg/d of prednisone for more than 30 days, and patients with abnormal vital signs defined as systolic blood pressure lower than 90 mm Hg, diastolic blood pressure lower than 80 mm Hg, heart rate greater than 90 beats/ min or less than 50 beats/min, respiratory rate greater than 20 breaths/min, or temperature exceeding 38.1°C were excluded. Known prisoners, patients who were decisionally impaired, and pregnant women were also excluded. Sample size estimates were obtained using East software (Cytel). A medically important effect size of 0.05 and power of 0.9 yielded an enrollment goal of 248 patients. The intervention used was an on-site dermatology consultation occurring in the PCP's office. Participants were randomized to either receive a dermatology consultation (treatment arm) or continue PCP management/standard of care (control arm). Each enrolled patient was evaluated by a single dermatologist who served as the primary investigator (D.K.). The diagnosis and treatment was disclosed to the PCP and patient for those participants randomized to the treatment arm. The diagnosis was recorded but not disclosed for those patients randomized to the control arm. Dermatological diagnoses were based on patient history and physical examination findings.
Primary outcomes included final diagnosis, prescription of antibiotics, need for hospitalization, and clinical outcome. Patients randomized to the treatment arm were required to follow-up in the outpatient dermatology office within 1 week of enrollment. Follow-up for those patients randomized to the control arm was scheduled at the PCP's discretion. One month following enrollment, a medical chart review was performed on all patients to assess for recurrence, hospitalization, or adverse events. The 2 patient populations were compared using the Fisherexact test for proportions and t test for means. Statistical significance was defined as P < .05.
Results
Thirty-one patients were evaluated for enrollment from January to September 2013. A total of 29 patients with a mean age of 59 years were enrolled in this study ( Figure 1 ). Twenty patients (7 male and 13 female) were randomized to a dermatology consultation (treatment arm) and 9 patients (5 male and 4 female) were randomized to PCP management/standard of care (the control arm). Fourteen PCPs participated in the study. There was no statistically significant difference in patient demographics across the 2 populations ( Table 1) . Of the 20 patients randomized to a dermatology consultation, 2 patients (10%) were diagnosed as having cellulitis, and 5 patients received antibi- Copyright 2014 American Medical Association. All rights reserved.
otics (2 for cellulitis and 3 for erythema chronicum migrans) ( Table 2) . No patients in the treatment arm required hospitalization. Of the 9 patients randomized to the control arm, all (100%) were diagnosed as having cellulitis by the PCP and were subsequently treated with antibiotics. Evaluation by the dermatologist during enrollment revealed that 6 of 9 patients (67%) randomized to the control arm had a pseudocellulitis rather than true infection. One patient in the control arm was sent to the emergency department by his or her PCP and was subsequently admitted to the hospital for 6 days. There were no notable differences in risk factor prevalence across both populations (P > .05). The most common cellulitis mimickers in the treatment arm were an eczematous dermatitis (including atopic dermatitis, contact dermatitis, and lichen simplex chronicus), stasis dermatitis, and erythema chronicum migrans (Box). One patient in the treatment group did not return for the 1-week follow-up examination and was unreachable by telephone; however, a medical chart review revealed no additional evaluations, cellulitis diagnoses, or admissions. All patients (100%) in both arms reported a preference for being treated as an outpatient rather than as an inpatient. The original enrollment goal of this study was 248 patients; however, this study was terminated prior to reaching the original enrollment target because interim analysis showed statistical significance. Continuing the study to reach the initial enrollment goals was deemed unethical, given the number of cases of noncellulitis infections in the control group being inappropriately treated. No adverse events occurred in this study.
Discussion
Cellulitis is commonly misdiagnosed in the outpatient setting. 5, 6 The results of this study suggest that dermatology consultation during a patient's visit to primary care can improve diagnostic accuracy and in turn reduce the rate of antibiotic use in patients presenting with suspected cellulitis. The overall rate of hospitalization for cellulitis in the patient population recruited for this study was low, regardless of the group to which patients were randomized. This suggests that perhaps only patients with nontoxic-appearing cutaneous eruptions were referred by their PCPs for enrollment. However, given that the majority of cases of cellulitis are diagnosed and managed in the outpatient setting, 2 the population enrolled in this study accurately captures the burden of outpatient disease.
The differences in the rate of cellulitis diagnosis and antibiotic use between the treatment and control arm highlights the prevalence of conditions that mimic cellulitis and the potential benefit of early involvement of dermatology in the care of patients presenting with suspected cellulitis. There are many possible diagnoses that can resemble cellulitis (Figure 2) . Of the patients in the treatment arm, we observed that the most common mimicking conditions were eczema (including atopic dermatitis and contact dermatitis), stasis dermatitis, erythema migrans, and arthropod reaction. This finding is consistent with prior studies that have attempted to estimate the prevalence of pseudocellulitic conditions. 5-8 The remainder of the mimicking conditions that we encountered in the treatment arm of the study do not typically present in a manner that resembles cellulitis; however, they do help to demonstrate the large assortment of conditions that may present in a fashion resembling cellulitis and for which dermatologists may be most familiar identifying.
Although not the primary outcome, the challenge of differentiating cellulitis from pseudocellulitis was also highlighted by the low diagnostic concordance rate (17%) that was observed between the dermatologist and PCP. All of the patients enrolled in this study presented with cutaneous erythema and edema, and none of the patients were febrile or appeared toxic. Therefore, we believe one of the most influential factors in determining a diagnosis of cellulitis is the exclusion of pseudocellulitic conditions. Because the diagnosis of cellulitis and pseudocellulitides in this population were made clinically, we cannot unequivocally ensure diagnostic accuracy. However, previous research has demonstrated that cellulitis and pseudocellulitides cannot be delineated based on patient demographics, risk factor prevalence, or systemic signs of infection 6,7 ; therefore, examination by a dermatologist can be considered the diagnostic gold standard. 6, 7 In addition, our diagnostic accuracy is supported by the fact that all of the patients in the treatment group, who were not treated for cellulitis, reported symptomatic improvement at the 1-week follow-up examination, cleared their skin condition, did not require hospitalization, and did not represent with cellulitis at the 1-month medical chart review. Finally, all patients diagnosed as having erythema chronicum migrans had positive Lyme IgG serological findings 6 to 8 weeks after enrollment.
Conclusions
Our study highlights how the application of this standard affects both the diagnosis and course of treatment for patients with suspected cellulitis. While our study is limited by a small sample size, we were able to demonstrate with significance that evaluation by a dermatologist can alter the diagnosis and course of treatment received by patients with suspected cellulitis in the outpatient setting. We recognize that the results of this study may not be generalizable to primary care clinics that do not have a dermatologist available for consultation. Nonetheless, previous research has demonstrated improved outcomes in patients with cellulitis who are comanaged by dermatologists and PCPs. 6 This study also supports the notion that the availability of a dermatologist in the outpatient primary care setting may be a cost-effective strategy that improves patient safety and quality of care. Lastly, we believe that dermatologic consultation may be able to have a similar impact on patients with more toxicappearing cutaneous eruptions who have been admitted for inpatient treatment of cellulitis. As a result of this study, we have initiated a similar project with the goal of assessing the impact of dermatologic consultation on the hospital course of patients who have been admitted for cellulitis. 
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PRACTICE GAPS
The Impact Dermatologists Can Have on Misdiagnosis of Cellulitis and Overuse of Antibiotics Closing the Gap Lauren C. Hughey, MD
We have all experienced the patient with red legs, referred for refractory "cellulitis" not responding to systemic antibiotics. Primary care, urgent care, hospitalist, and emergency department physicians are on the front line seeing these patients; however, they often lack the training that allows them to recognize cellulitis mimickers. This constitutes a practice gap. Patients are overdiagnosed as having cellulitis, leading to inappropriate use of antibiotics and unnecessary hospitalizations driving up health care costs while treatment of the true underlying inflammatory condition is delayed. Dermatologists are uniquely positioned to offer our expertise in these scenarios, which not only improves patient outcomes but also lowers health care costs.
In this issue, Arakaki et al 1 address this practice gap. Twentynine patients who were diagnosed as having cellulitis by their primary care provider were eligible to participate. The principal investigator examined all enrolled patients but only guided the treatment plan in those randomized to the treatment group. The primary care physician diagnosed cellulitis and administered antibiotic treatment in 100% of the control group, whereas the dermatologist diagnosed cellulitis in only 33% of these same patients. In the treatment group, the dermatologist only diagnosed cellulitis in 10% of the patients and only 25% received antibiotics. Although a small patient size, this study highlights the positive impact that dermatologic consultation can have on correctly recognizing pseudocellulitis conditions and avoiding overuse of antibiotics. These findings are consistent with past studies, which suggest that as many as one third of the patients diagnosed as having cellulitis do not actually have cellulitis. What are the barriers to dermatologists providing expert assistance in these scenarios? Emergency departments and urgent care facilities are often not in close proximity to a dermatologist's office to allow rapid expert consultation. There is not always an open line of communication between urgent care physicians and dermatologists. Some dermatologists may fear that opening these lines of communication with urgent care physicians may "open the floodgates" to after-hours calls and same-day appointment requests. Most dermatologists are overbooked weeks in advance and do not have many reserved slots for same-day consultations. And lastly, we recognize that there is an additional cost associated with these dermatology visits. However, giving the correct diagnosis and an accurate treatment plan saves health care dollars in the long run.
What are some possible solutions to this practice gap? Rapid dermatology consultation within 24 to 48 hours is ideal but may not be realistic in all cases. We cannot manage every patient with "cellulitis," but we can try to form a relationship with 1 or 2 urgent care physicians in our community and offer them sameday appointments for these presumed cellulitis cases. We can also offer to educate our colleagues in other specialties, particularly emergency physicians and hospitalists. For example, volunteer to speak to urgent care physician groups about recognizing and treating cellulitis mimickers such as stasis dermatitis, lipodermatosclerosis, allergic contact and irritant dermatitis, asteatotic eczema, and lichen simplex chronicus. In addition, we can direct practitioners to continuing medical education activities that address cellulitis mimickers.
3 With little effort and time, we have the opportunity to make a positive impact for these patients and the health care system as a whole.
